Introduction
Enameloid is a form of enamel found in teleosts, elasmobranchs and larval urodeles. Enameloid matrix consists of collagen which is laid down as a result of odontoblastic activity [1] . Cells of the inner dental epithelium (ameloblasts) have been observed to secrete protein into this collagenous matrix in teleosts and the same may hold for the enameloid matrix of elasmobranchs and larval urodeles but this has not been established. Only after the full thickness of the enameloid matrix has formed does it become mineralized [2] .
Enamel differs from enameloid in that it is entirely a product of the inner dental epithelium and its formation involves the secretion of a proteinaceous matrix already containing some mineral which matures by the removal of protein and the addition of more mineral as a result of ameloblastic activity.
Activity of the enzyme alkaline phosphatase has had a long suspected association with the production of hard tissue [3] . Even so, its exact role has not been determined and indeed, it may have several functions. Thus it has been associated with the hydrolysis of pyrophosphates to regulate crystal growth [4, 5] , the transport of calcium [6] and also the providing of phosphate ions for mineralization [3] .
Activity of the enzyme associated with enamel formation has been described by many researchers in several different mammalian species who made observations using both light [7] [8] [9] and electron microscopes [10] [11] [12] [13] .
While some dispute still exists about fine structural location, in general terms there is agreement that there is intense enzyme activity located in the stratum intermedium associated with the cell membrane and also with the proximal (basal) cell membrane of the ameloblast which is generally interpreted as reflecting the role of enzymes concerning mineral transport. In 1976, DEPORTER and TEN CATE [12] demonstrated the occurrence of enzyme activity in the (distal) brush border of the ameloblast at the time of enamel maturation. It was then argued again that this enzyme activity reflected a role in mineral transport, as it occurred when active transport associated with enamel maturation was anticipated.
Because of the differences between enamel and enameloid formation it was considered worthwhile to investigate the distribution of alkaline phosphatase in the latter with the hope that it might provide further information about the role of this enzyme in mineralization or alternatively, more about the mineralization of enameloid.
Materials and Methods
Thirty young fish (Oplegnathus fasciatus) measuring 2.5 cm-5.5 cm in total length were used for this study. The upper and lower jaws were removed and cut in a sagittal direction so as to obtain about two hundred teeth for study. These fixation, the specimens were rinsed in a 0. 
Results
The anatomy of the dental organ in Oplegnathus fasciatus differs significantly from the mammalian dental organ in that no stratum intermedium or stellate reticulum is present. Instead the cells of the outer or external dental epithelium and inner dental epithelium are in contact with each other. The inner dental epithelial cells undergo a significant change in morphology as they are traced from the cervical loop to the point where they overline mineralized enameloid. These changes involve a transition from a cuboidal cell to a tall columnar one with the cytoplasm acquiring increased profiles of rough endoplasmic reticulum. At the stage when the enameloid matrix mineralizes, the distal cell membrane of the ameloblast becomes convoluted and forms a brush border. An interesting feature associated with the maturation of the ameloblasts is the development of a complex and increasing amount of lateral interdigitation between the cells, including the development of tight junctions and desmosomal contacts. In cross-section, the ameloblasts are hexagonal in outline . These morphological changes are depicted in diagrammatic form in Figure 1 .
During the formation of the enameloid matrix, (which consists of the deposition of collagen fibrils and then maturation into fiber bundles) , alkaline phosphatase activity was found to occur in the cell membranes of the outer dental epithelial cells 1 with heavier lead deposits occurring on the distal cell membrane (Fig. 2) . As matrix formation progressed, the amount of lead deposited in these locations increased (Fig. 3) and achieved a maximum at the time the matrix mineralized (Fig. 4) . During the early stage of matrix formation alkaline phosphatase activity was demonstrated to be associated with the proximal and lateral cell membranes of the ameloblast activity being especially pronounced at the interdigitations (Fig. 2) . Enzyme activity was also demonstrated in the Golgi apparatus associated with lamellae, vesicles and vecuoles ( Fig. 5) . At later stages the amount of lead deposition increased in all the above sites (Fig. 6) . A point of interest was that enzyme activity also occurred in the matrix as extracellular deposits ( Fig. 6 and 7) . With the onset of calcification extremely heavy deposits of lead were found Lead deposits are observed in the lateral portion of the membrane interdigitation (arrow). In the mitochondria (M) lead deposits are heavy.
E: enameloid, OD: outer dental epithelim Fig. 9 The Golgi area of the ameloblast in the mineralized stage. Heavy deposits are seen in the lamellae (L) and vesicles (V) of the forming face. In the mitochondrial matrix (M) lead deposits are heavy. associated with the lateral and distal cell membranes of the outer enamel epithelial cells. Heavy deposits were also found associated with the lateral cell membranes and especially the interdigitations of the ameloblasts (Fig. 8) . Golgi associated activity still occurred (Fig. 9) as well as did some lead deposition associated with the invagination of the distal cell membrane (Fig. 10) . Heavier deposits of lead were found in the intramitochondrial matrices (Figs. 8, 9 ).
Lead deposits were found within some of the small vesicles of the multivesicular body (Fig. 11) 
Discussion
In the present study, the ALPase localization of the various stages of the fish enamel organs was observed by MAYAHARA'S methods [13] . Reactions were incubated using non-decalcified sections, since ALPase reduces activity after decalcification in EDTA [15] [16] [17] . Studies have been made on the localization of ALPase reactions in the ameloblasts of rodents by light [7] [8] [9] and electron microscopes [10] [11] [12] [13] . KURAHASHI and YOSHIKI [11] reported that ALPase enzyme activity was associated with the cell membranes of the stratum intermedium and the stellate reticulum. They also stated that such activity was associated with part of the cell membranes in the proximal ends of the secretory ameloblasts. DEPORTER and TEN CATE [12] described that in the secretory stage ALPase activity was mainly associated with the cell membranes of the stratum intermedium. In the early maturation stage, coinciding with the development of the striated border in the distal ends of the ameloblasts, ALPase activity was present within the ameloblasts, localized mainly to the cell membrane component of the striated border. They emphasized the role of alkaline phosphatase in calcium transport because an increase in calcium transport was made during the change from the secretory stage to the maturation stage. LEONARD and PROVENZA [10] reported that in the secretory stage, ALPase activity in the ameloblasts appeared along the entire length of the lateral membrane and on the membrane in the distal segment of the cells. LEONARD and PROVENZA [10] reviewed the functions of ALPase in their publication. ALPase in mineralizing tissue is associated with : (1) fibrous protein synthesis, (2) mucopolysaccharide synthesis, (3) matrix synthesis, (4) transphorylation of phosphate recipients in matrices. All of these are in one way or another involved in calcification. They also discribed that the increasing amount of the reaction product in amelogenic and dentinogenic cells with differentiation and acquisition of function competency, suggested that enzyme activity is related more to calcification and to a lesser extent to matrix maturation fibrogenesis. These studies demonstrated that ALPase reflects important roles in mineral transport.
In fish enamel organs, as enameloid formation progressed, after the ALPase reaction the lead deposits found on the outer dental epithelium became heavier. And with the onset of the calcification of the enameloid, lateral and distal cell membranes of the outer dental epithelium showed extremely heavy reactions. During the matrix formation stage, ALPase activity was found to be associated with the proximal and lateral cell membrane of the ameloblast activity being especially pronounced at the interdigitation. With the onset of enameloid mineralization, ALPase reactions located in the proximal and lateral cell membranes and especially interdigitation of the ameloblasts became stronger. Some lead deposition occurred near the membrane invagination of the distal part of the ameloblast. As the mineralization of the enameloid progressed, the ALPase activities of the outer dental epithelium and ameloblasts increased. These evidences show that fish enamel organs are related to the mineralization of the enameloid.
After phosphorylation of the substrate, local phosphate concentration increased. But as suggested by FLEISCH et al. [5] phosphate ions inhibit the crystalization of minerals. Thus, it seemed that the enamel organs also might regulate the mineralization of the enameloid.
ATPase of mitochondria [18] is related to the concentration of Ca2+ and Mg2+ [19] . WILSON and FRANKs [20] reported that ALPase was present in the cell membrane and in mitochondria which showed that they have the same isoenzyme pattern. But GRANDSTROM et al. [21] ALPase reaction existed in the Golgi apparatus. GRANDSTROM et al . [21] reported the presence of ATP grading activity in vesicles of the Golgi apparatus . The function of this activity was not clear but HUGAN et al. [22] suggested that ALPase was synthesized in the Golgi apparatus.
ALPase activity of the enamel organ in Oplegnathus fasciatus has a very close relation to the mineralization of the enameloid matrix.
Conclusions
The localization of ALPase (alkaline phosphatase) in fish (Oplegnathus fasciatus) enamel organs was observed by electron microscopic level .
The stages of ameloblasts during enameloid formation of jaw tooth germs were divided into the three following stages : 1) the early stage of matrix formation , 2) the late stage of matrix formation, and 3) the mineralized stage .
The ALPase reaction was incubated by MAYAHARA'S method . With the onset of the deposition of collagen bundles of enameloid matrix, ALPase activity was found to occur in the cell membranes of the outer dental epithelial cells . As matrix formation progressed, the amount of lead deposited in these locations increased and maximized at the time the matrix mineralized .
During the early stage of matrix formation , ALPase activity was demonstrated to be associated with the proximal and lateral cell membranes of the ameloblast . Especially strong activity was found in the interdigitations . During the later stage of matrix formation, the amount of lead deposition increased in the ameloblast . With the onset of calcification, extremely heavy deposits were found associated . with the proximal and lateral cell membranes, and especially with the interdigitations of the ameloblasts. Coincident with the beginning of mineralization , ALPase activity within the ameloblasts and outer dental epithelium strongly increased.
These evidences suggest that fish enamel organs are responsible for the calcification of fish enameloid.
